Studies into the cell death program termed apoptosis have resulted in new information regarding how cells control and execute their own demise, including insights into the mechanism by which death-preventing factors can inhibit Bax-induced caspase activation. We investigated high temperature stress-induced cell death in Brassica rapa. Using a yeast functional screening from a Brassica rapa cDNA library, the BH5-127 EST clone encoding an apoptotic suppressor peptide was identified. However, a phylogenic tree showed that BH5-127 clusters within a clade containing SUMO-1 (Small Ubiquitin-like Modifier-1). BH5-127 was confirmed similar to have function to SUMO-1 as Fas suppression. Expression of BH5-127 showed that substantial suppression of cell death survived on SD-galactose-Leu --Ura -medium. The results suggest that BrSE (Brassica rapa Sentrin EST, BH5-127) is one of the important regulatory proteins in programming cell death, especially in the seedling stage of Chinese cabbage.
Studies into the cell death program termed apoptosis have resulted in new information regarding how cells control and execute their own demise, including insights into the mechanism by which death-preventing factors can inhibit Bax-induced caspase activation. We investigated high temperature stress-induced cell death in Brassica rapa. Using a yeast functional screening from a Brassica rapa cDNA library, the BH5-127 EST clone encoding an apoptotic suppressor peptide was identified. However, a phylogenic tree showed that BH5-127 clusters within a clade containing SUMO-1 (Small Ubiquitin-like Modifier-1). BH5-127 was confirmed similar to have function to SUMO-1 as Fas suppression. Expression of showed that substantial suppression of cell death survived on SD-galactose-Leu --Ura -medium. The results suggest that BrSE (Brassica rapa Sentrin EST, BH5-127) is one of the important regulatory proteins in programming cell death, especially in the seedling stage of Chinese cabbage.
Keywords: Apoptosis, Brassica rapa, sentrin, SUMO-1, yeast functional screening Apoptosis is the process of programmed cell death (PCD) that may occur in cell organisms. The most downstream components of the cell death machinery identified to date are proteases known as caspases [11] . Although some of the interactions among known cell death components have been described, there are major gaps in the understanding of the cell death process. For example, the cellular targets of caspases that lead to cell death have not yet been fully described. Another example is the mechanism by which death-preventing members of the Bcl-2 family, such as Bax Inhibitor (BI-1), can inhibit Bax-induced caspase activation [13] . Overexpression of Arabidopsis thaliana BI-1 that is a suppressor of cell death increased resistance to Bax-induced cell death in this plant [6] . Genetic engineering and modern molecular breeding methods have been used to isolate key genes involved in stress responses in plants. Functional screening of microorganisms that express heterologous cDNA libraries is a powerful tool for identifying genes with a specific function. Functional screening in yeast to identify genetic determinants capable of conferring abiotic stress tolerance in Jatropha curcas has been reported [3] .
Recently, PCD in plant cells under abiotic stresses has also been investigated. Expression of BI-1 in Arabidopsis is induced under high temperature and reactive oxygen stress condition. Heat shock has been implicated in inducing abiotic stress factors including expression of BI-1 genes [5, 17] . The yield losses due to high temperature are large and are often combined with losses from other environmental stress. Chinese cabbage (Brassica rapa) is more sensitive to heat stress than other Brassica species. Although observation did not indicate the exact developmental phase at when the reproductive organs are susceptible to heat stress, pods that had passed the critical threshold developmental phase tolerated heat stress. The temperature effect on reproductive organs appeared to be responsible for the reduction in yield [1] . Expression profiling of Brassica rapa showed that heat treatment triggered significant accumulation of heat shock proteins, and some cell-wall-modifying genes related to thermotolerance were up-regulated. With respect to temperature shift, severe heat stress induces an alarming situation leading to irreversible *Corresponding author Phone: +82-53-950-5710; Fax: +82-53-958-6880; E-mail: kkm@knu.ac.kr injury and cell death, whereas moderate heat stress triggers thermotolerance [20] .
It has been demonstrated that abiotic stresses cause a significant reduction in the potential yield of crops, and this loss will only be worsened with the dramatic climate change expected in the near future [11] . Abiotic stress is widely considered a detrimental factor in crop production. In this study, we report the existence of a Brassica rapa EST encoding the peptide as an apoptotic suppressor otherwise known as an antiapoptotic factor under high temperature stress.
MATERIALS AND METHODS

Plant Material and Stress Test
Seeds of the Brassica rapa L. ssp. pekinensis inbred line "Chiifu" (289001) were received from the Brassica Resource Bank, Daejon, Korea. Seeds were germinated in Korean artificial soil and grown for 28 days in a growth chamber as previously described [10] . Threeweek-old plants were subjected to a heat stress treatment, which was a growth chamber heated to 35 o C (16 h day/8 h night, RH 50%) for one week. After the heat stress treatment, the leaves of the Chinese cabbage were sampled [1]. The plants that had no treatment were sampled as a control.
RNA Isolation and cDNA Library Construction
Total RNA was isolated using the RNeasy Plant Mini Kit (qiagen, Germany) according to the manufacturer's instructions, and the RNA quality and quantity were monitored visually using RNA gel electrophoresis and spectrophotometrically using a Nanodrop instrument (Nanodrop 2000 Thermoscientific, Wilmington, DE, USA). The cDNA library was created from total RNA using a TaKaRa cDNA Library kit (TaKaRa Code 6119 and 6130, Takara Bio Inc, Japan). After digestion with EcoRI and XhoI, cDNA derived from Chinese cabbage was inserted into the EcoRI and XhoI sites of vector pYX112 (Ingenius, Wisbaden, Germany), carrying an ARS/CEN replicon, the triose-phosphate isomerase promoter, and selectable marker URA3. The cDNA library was used to transform Escherichia coli (DH5α), and then 1.8 × 10 3 independent clones were pooled and amplified in a 10 ml culture to prepare plasmid DNA [15, 19] .
Yeast Functional Screening
A plasmid-DNA-inserted Chinese cabbage cDNA library was transformed into yeast Saccharomyces cerevisiae strain QX95001 [18] . The transformation was performed using the lithium acetate method following heat shock for 5 min at 42 o C. Transformants were grown on glucose-containing synthetic dropout medium lacking leucine and uracil at 30 o C and screened for Bax-resistant transformants by plating on solid medium containing glucose and galactose with amino acids but lacking leucine and uracil. Plates were incubated at 30 o C for 3 days. Yeast cell growth was determined by measuring the OD 660 of a yeast suspension culture [11] . The clones were transferred to galactose-containing medium to induce cell death expression. The OD 660 was measured after culturing for 48 h. The number of viable cells was counted by the addition of Evans blue. Evans blue penetrates only dead cells and results in a blue staining of the cellular contents. The percentage of dead cells generated by each treatment was determined by scoring the cells using a microscope [19] . Functional characterization of BH5-127 in suppression of cell death was shown by transformation of S. cerevisiae and heat stressed at 35 o C for 72 h. Yeast cell growth was determined by measuring the OD 660 of a yeast suspension culture.
Yeast Plasmid Isolation, RT-PCR, Construction of GFP, and Data Analysis Isolation of yeast plasmid was performed using a QIAprep Spin Miniprep kit using a microcentrifuge (Qiagen, Germany) with modification in the membrane lyses stage. The yeast cell pellet was suspended in 250 µl of Buffer P1 containing RNase A by a TissueLyser (Qiagen, Germany). Cells were lysed by adding 250 µl of Buffer P2 from the Qiagen kit and mixed by inverting the tube, followed by 10 min incubation at 22 o C. During this period, cell lysis causes release of DNA and the mixture in the tube becomes viscous. At this stage, 350 µl of Buffer N3 was added to the lysate, and after mixing by gentle inversion, the tube was incubated on ice for 30 min. Subsequently, the protocol of the QIAprep Spin Miniprep Kit using a microcentrifuge was followed [13] . Yeast plasmids were analyzed with PCR using pYX primers: 5'-end forward primer (5'-GGAGTTTAGTGAACTTGC-3') and 3'-end complementary strand reverse primer (5'-GGCATGTATCGGTCAGTC-3') with annealing temperature of 56 o C for 30 s. The PCR product profiles were monitored by agarose gel electrophoresis.
Thereafter, 500 ng of purified RNA from Brassica rapa was analyzed by RT-PCR using SuperScript III One-step RT-PCR with Platinum Taq DNA Polymerase (Invitrogen Co., Carlsbad, CA, USA). RT-PCR was performed using 20 pmol of specific primers for Brassica rapa sentrin (BrS): 5'-end forward primer (5'-CGAGCGCGTGGTACCACGGT-3') and 3'-end complementary strand reverse primer (5'-TACTTAGTCGACTCTAGACC-3'). The cycling condition for PCR was 94 The sequencing of Chinese cabbage cDNA conferring resistance high temperature stresses was performed by Solgent, Korea. We performed computational searches using BLAST sequence databases through the National Center of Biotechnology Information (NCBI; http://blast.ncbi.nlm.nih.gov/) to understand and assign functional classes the sequence information determined in this screening. Identification of amino sequence and homology was performed using GENETYX-WIN Version.3.1. The phylogenic tree was constructed by UPGMA using MEGA4 [7] .
The indication of intracellular localization was analyzed by GFP construction. The indicated antiapoptotic gene from Chinese cabbage was constructed into vector pBin-GFP. The construction was performed by digestion with SalI and NcoI and was inserted into the pBin-GFP vector. We confirmed the intracellular distribution of GFP-tagged BH5-127 by MitoTracker, a mitochondrion-selective probe (Molecular Probes, Inc. M-7513).
RESULTS AND DISCUSSION
Brassica rapa was subjected to high temperature treatment (35 o C) after the plant was 28 days old. The height, amount of leaves, and biomass were measured and compared
